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SUMMARY 

One of the possible applications of macroscopic Einstein equations has been considered. 
So, the nonsingular isotropic and uniform cosmological model is built. The cosmological 
consequences of this model are agree with conclusions of standard hot model of the Universe. 
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1. Macroscopic system of Einstein equations 

As it is known the macroscopic Maxwell equation for continuous media can be obtained 
also from the microscopic Maxwell equations by ensemble averaging the latter (refer to.[l]- 
[3])- 

The Einstein equations, which right-hand sides contain the energy-momentum tensor of 
matter, are phenomenological equations. It is natural to suppose that the Einstein equations 
(or their generalizations) for continuous media can be also obtained from the microscopic 
Einstein equations, i.e., Einstein equations which right-hand side contain the sum of the 
energy - momentum tensors of individual particles. However, due to the nonlinearity of 
the Einstein equations left-hand side, the averaging of the microscopic Einstein equations is 
more complicated than one of the microscopic Maxwell equations (refer to. [4] - [6]). 

In Ref. [7] - [9] were obtained the macroscopic Einstein equations for a system of inter- 
action particles up to second order in the interaction constant. They have the forms: 

Gij + Zij = xTij, (1) 

Here is the Einstein's tensor of the Riamannian space with macroscopic metric , Ty 
is the macroscopic energy - momentum tensor, x = Sirk/c 4 is Einstein constant, k is the 
gravitational constant, c is the velosity of light. 

The Einstein equations of the gravitational field for continium media differ from the 
classical Einstein equations by the presence of additional tensor in the left-hand side. It 
caused by particle interaction. 

The form of this tensor is given in Ref. [8] in the case of gravitationally interaction of 
particles and in Ref. [9] in the case of electromagnetically interaction of particles. 

The tensor is the traceless tensors with zero divergence: 

fl' J '/-u = 0, 2% = 0. (2) 

where the semicolon denote a covariant derivative in a spase with the macroscopic metric 

Qij- 
ln the case of gravitationally interacting particles the tensor Z^ has the form (Ref. [8]): 

Z ij rf/:A • l',.r ( 3 ) 
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Here p'* is the momentum of particles of species b, p" % is the momentum of particles 
of spesies c u H = p n /mbC, u' h = p' h /m c c, F b ' is the one - particle distribution function of 
particles of spesies b , F" is the one - particle distribution function of spesies c, z = u H u 
nib an d m c are the mass of particles of spesies b and c respectively, 
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are the invariant volume elements in tree - dimensional momentum space of particles spesies 
"b" and "c" respectively. 

The greek index a in (Q) takes the values 1,2 and 3 only (the spartial index). The 
derivative with respect to p'j in (|5[) should be calculated as all four components of momentum 
are independent. The dependence of p f on p' a is taken into account after differentiation with 
respect p'* is completed. 

The tensors Kij(u',u") and Jijk(u',u") have the form: 
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where r max is the size of the correlation region in the case of gravitationally interacting 
particles. In Refs. [10], [11] there are estimates for r max in the case where the average 
metric is the metric of isotropic cosmological model. 

2. Applications of the theory. Nonsingular isotropic and uniform cosmological 
models in macroscopic theory of gravity. 

Let's consider received equations for the ambience, base at local thermodynamic balance. 
In this cause the distribution function of each sorts of particles has the type ((refer to. [12]): 

F a (Pa) = A a exp\-c(v lP l )/(k B T)}. (10) 

Here Vi is the macroscopic four- velocities of ambience, ks is the Boltzman's constant, 
T is the temperature, A a is the normalizing constant. 

In this case tensor ip^ becomes zero, but tensor fj,^ has the form: 



toj = X £ i [^ViVj ~ gftij ( n ) 
This is correct both for gravitational and electromagnetic interactions. 
If move fiij from left-hand side to the right-hand side , the macroscopic equation effec- 
tively change into usual Einstein equations with the additional tensor of energy-momentum 
in the right-hand side. Moreover the "additional tensor of energy-momentum" has the form 
of energy- momentum tensor of ideal liquid with the state equation Pi = ei/3, but with 
negative "density of energy" (—ex) and negative "pressure" (—-Pi) . Via e\ and Pi their 
absolute values are marked. 

In the case of gravitational interactions in nonrelativistic limit when mc 2 » k B T , the 
absolute value of this "negative density of energy" is 

d = E ^^mlmlN a N b , (12) 

where N a and N b is the number of particles of species a and b recpectively densities, m a 
and nib are their masses. 
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It is proportional to the square of gravitational constant and square of number of par- 
ticles density. Consequently the additional terms can play significant role in ambiences of 
sufficiently high density Such density is possible on the early stages of the Universe evolu- 
tion. So, naturally, one can use the first exhibits of the received equations in the theories of 
the early stages of the Universe evolution. 

Thereby there is a real possibility of manifestation an interaction on early stages of the 
Universe evolution. 

Let's turn to the building of uniform and isotropic cosmological models within the frame- 
work of macroscopic theory of gravity. 

Let's write the metricses of these models in a form: 

(ds) 2 = a 2 (r]) ((dri) 2 - (dr) 2 - <f) 2 (r)((d6) 2 + sin 2 (6) (dip) 2 )) . (13) 

Here <f)(r) = r , <p(r) = sinr, 0(r) = sinhr for the flat, close and open models respectively. 

The system of Einstein equations for these metricses is reduced to two equations (refer 
to ,for instance, [13]): 

a' 2 + ia 2 = ^a% (14) 
di -3^. (15) 



e + P a 

Here stroke under a marks derivative on time variable rj ; e and P is a density of energy 
and pressure of matter , £ = 0, +1, —1 for the flat, closed and open models respectively. 

The macroscopic Einstein equations are distinguish from flT4] ) - (|TJ|) by following. In the 
first, e in the right-hand side of ( |14"D is replased by the difference of usual energy density e 
and absolute value " density of energy" e\ , stipulated by the particles interaction of ambience. 

At the present moment of the Universe evolution the expression ( jl2|) for ei is correct. 

In the second, the equation ([15]) is changed by two similar: 

de da 

-3—, (16) 



e + P a 
d€l -3^. (17) 



ei + Pi a 

Here P is a usual pressure of matter, Pi = ei/3 is the "pressure", stipulated by the 
interaction of particles. 

Equations (|i~6"D and ([[7]) follows from the fact, that divergency of the usual energy - 
momentum tensor and divergency of the "additional energy - momentum tensor", stipulated 
by the interaction, equals to zero. 
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From ([TJ) it follow that in present the value e\ and the relict radiation energy density 
are of the same order of value (see to below). So, if we take into account a contribution ei 
to e, we must take into account a contribution of the relict radiation energy density to e 
density 

So, let's put in the right part of flllD 



e. 



Here e m is the density of energy of material disregarding density of energy of relict 
radiation, but under e we shall understand a difference between the absolute value "density 
of energy", stipulated by the interaction, and density of energy of relict radiation. This 
is suitable, since equations of condition for relict radiation and for "energy - momentum 
tensor" , stipulated by the interaction alike: pressure is one third from density of energy. So 
that the equation flilf ) and (|17|) coused from the following e dependency on the scale factor: 



__ 3c 4 af 
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Here a\ — const . 

For density of energy of rest material from ([TB) we have: 

3c 4 a 
m 4nka 3 ' 

where ao = const . 

We substitute flT8]), flTP| ) and fl2"U| ) into (JH|). As a result we obtain the equation: 



(19) 



(20) 



a' 2 + £a 2 = 2a a — a\ 
The solution of this equation for the scale factor a(n) one can write in the form: 



(21) 
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for flat (£ = 0) models ( here a m = ay2a ) 



a = a m + (a - a m )(l - cost?) 



(23) 



for closed (£ = +1) models (here a m = ao — y (oq — a?) ), and 



a = a m + (oo + a m )(cosh?7 — 1) 
for open (£ = —1) models (here a m = 



(24) 
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As it is seen, all three models are nonsingular: under 77 = the scale factor a(i]) does 
not apply to the zero as in standard cosmologycal models, but takes a minimum value a m . 

Let us calculate a value of density p m of nonrelativistic matter at the moment, when 
scale factor takes a minimum value a m : 



Pi 



a 3 (rj ) 



(25) 



Here po is the value of usual matter density at present moment. 



This moment corresponds a time coordinate value 7] . Substituting (p2|) — ( p24|) into ( f25|) 
we obtain the expression for p m via po, i] and ratio a /a m . 

Let us write down the expressions for Q = (e m — e) 17=770 /(c 2 p) > an d A = (e/e m ) v=Vo via 
?7o and ratio a Q /a m . 

Here p = 3Hl/&irk is the critical density at the present moment, Q is the densities 
parameter, A is a ratio of "energy density", stipulated by the interaction absolute value, 
and density of relict radiation energy difference to the density of usual matter energy at the 
present moment. 

From (0), (H)- (|3) we obtain 



n 



1 , a 
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we obtain the expression for Q and A via, rjo and 



Substituting 
ratio ao/a m . 

Expressing from received correlations r] and ao/a m via Q and A and then substituting 
then received expressions for r] and a /a m in ( [25] ) , we obtain the following result: 



Pr, 



AM 2 V 4 Vt 



(27) 



Result (|2"?D is correct for flat (Q = 1) , open (O < 1) , and closed (Q > 1) models. 

The received models can be realized, if absolute value of "energy density" (0), stipulated 
by the interaction, exceeds at present moment the energy density of relict radiation. 

The "energy density" (|T2"D , stipulated by interaction, is created basically galaxies accu- 
mulations with the mass m ~ 10 15 — 1O 16 M . This "energy density" is estimated as 

12k 2 t plm 

< v > 

When getting this correlation we put 3/c#T = m < v > 2 , where < v > is an average 
chaotic velocity of galaxies accumulations, iV = po/m , but parameter r max is estimated as 
< v > to, where to is the modern age of the Universe (refer to. [10], [11]). 
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Substituting into the obtained ratio the numerical values of fundamental constants, cos- 
mological time, average density of matter in the Universe at present moment (refer to ,for 
instance, [14]), we obtain under < v > /c — 10~ 6 , m ~ 1O 15 M : 

e 1 ~ 7 • 10~ 13 erg /cm 3 

It is approximately the value of relict radiation energy density we have at present moment 
(refer to. [14]). 

Consequently, realization of such situation is possible, when absolute value of "energy 
density", stipulated by interaction, exeeds the density of relict radiation energy. And it is 
the case considered in the paper when A > . 

On initial stage of the Universe evolution the density p m ~ PoM 3 is sufficiently great 
, so usual scenario of the Universe hot models preserves. For a moment when scale factor 
takes a minimum value and the density of matter is maximum let us introduse the folloing. 

If at this moment a temperature does not exceed the temperatures of nucleon - antinu- 
cleons couple annihilation, the density of nonrelativistic mater can be evaluated as 

m p 10- 8 aT 4 
W ' 

where a is the constant of Stefan - Boltzman, m p is the mass of proton. 

Comparing this expression with po/A 3 one can make a conclusion, that minimum value 
of scale factor will be reach on leptones stage of the Universe evolution when parameter A 
is within 1(T 10 - 1(T 12 , and the temperature will be about \Q W K° - W 2 K° . 

3. Domain of the theory application. 

When concluding the macroscopic Einstein equations we suggest the distant collision to 
be the prevalent. It is correct if 

7 = f «1, 

where E p is the potential energy of two particles interaction, is the kinetic energy of 
particles. 

For the system of electromagnetical interacting particles in a condition of local thermo- 
dynamic balance we can put E^ ~ kT , E p ~ e 2 n 1 ^ . 
So the condition of validity takes the form 

g2„ 1/3 

7=^«l. (28) 

Here e, n, T, k is the charge, density, temperature and Boltzman constant correspond- 
ingly. 
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Let us verify ( p8[) in constructing model under t = t m , when the Universe reaches the 
maximum density. The majority of electromagnetical interacting particles on this stage 
compose the electron-positron pairs. It's density is compared on the order of value with the 
one of relict photons and can be estimated as aT A /kT = aT 3 /k, where a is the Stephan- 
Boltzman constant. Then for parameter 7 we have estimation: 

eV/ 3 , 

7 = ^r~io- 2 «i. 

Consequently the application condition of the macroscopic Einstein equations in this model 
is not violated. 
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